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INTRODUCTION 


At a faster rate, the global population is growing old, owing to decreased fertility, 
 improving  health  and  longevity.  Remarkably,  there  is  great  rise  in  elderly  population  at 
 never  before  seen  rate.  562  million  people  (8%)  constituted  the  elderly  population  >  65 
 years, when world population reached 7 billion in 2012. 3 years later the elderly population 
 rose by 0.5% i.e., 617 million constituting 8.5% of total population (figure 1).1, 2 


FIGURE 1: Percentage distribution of population aged 65 and over by region: 2015 and 
 2050. 


As per census 2011, India’s total population was 1210.9 million with elderly above 
60 years contributes 8.6% of total population i.e. around 103.9 million of elderly population 
51.1  million  are  elderly  males  (8.2%)  and  52.8  million  are  elderly  females  (9%)  with 
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respect to residence, the proportion of rural elderly population was 8.8%. In urban areas it 
 was 8.1 percent (table 1).4, 16 


TABLE 1: Percentage share of elderly population aged 60 and above to total population. 


Inspite  of  overwhelming  global  geriatric  population,  due  to  latest  advanced 
 treatment  modalities  and  elderly  health  schemes  have  caused  a  remarkable  raise  in  life 
 expectancy of elderly people. Yet, Chronic Obstructive Pulmonary Disease (COPD) is one 
 among  the  leading  causes  of  death  of  elderly  patients  in  the  last  decade.  The  burden  of 
 COPD is expected to increase in forthcoming decades due to sustained exposure to COPD 
 risk factors by the elderly patients.8 


Chronic obstructive pulmonary disease [COPD] is a prevalent disease and a major 
cause of morbidity in elderly patients worldwide Severe exacerbation of COPD has been 
associated  with  increased  mortality,  which  has  been  attributed  to  complex  underlying 
disease that are  more likely to progress into multiple organ dysfunction syndrome [MODS] 
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due to their association with inflammatory mediators. COPD is one of the leading cause of 
 death in urban area.8 


The  economic  burden  of  COPD  increased  due  to  repeated  hospitalization  and 
 increased  length  of  hospital  stay.  COPD  is  a  multiorgan  disorder,  the  past  decade 
 assessment  of  COPD  have  demonstrated  that  COPD  is  associated  with  multiple  non-
 pulmonary  manifestation  that  contributes  to  remarkable  increase  in  morbidity  and 
 mortality.11


Acute exacerbation of COPD with systemic consequence of multiple organ disorder 
syndrome  (MODS)  is  characterized  by  more  than  one  organ  failing  especially  during 
critical illness. In order to assess  the severity and predict  the outcome of elderly  people 
who  have  been  admitted  due  to  COPD  with  MODS,  several  scoring  models  have  been 
proposed  in  the  previous  literature.  Among  the  numerable  scoring  models,  the  Sepsis 
related  Organ  Failure  Assessment  (SOFA)  and  Acute  Physiology  And  Chronic  Health 
Evaluation  II  (APACHE  II)  are  the  widely  used  prognosis  scoring  scales.  This  study 
compare and contrast the above mentioned two scoring models and analyze the superior, 
time  and  cost  effective  model  in  predicting  the  prognosis  of  patients  affected  by  COPD 
with MODS.6 
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AIM 


To assess the prognostic value of different scoring models in elderly patients with 
 multiple organ dysfunction syndrome associated with acute COPD exacerbation. 



OBJECTIVES 


  To compare the predictive value of APACHEII and SOFA scores in elderly patients 
 with  multiple  organ  dysfunction  syndrome  associated  with  acute  COPD 
 exacerbation. 


  To find out which score is highly predictable in elderly patients with multiple organ 
dysfunction associated with acute COPD exacerbation. 
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REVIEW OF LITERATURE 


DISEASES OF THE OLD AGE: 


Age-related  diseases  are  illnesses  and  conditions  that  occur  more  frequently  in 
 people  as  they  get  older,  meaning  age  is  a  significant  risk  factor.  The  leading  causes  of 
 death among adults over the age of 65 are also the most common causes of death among 
 the  population  as  a  whole.  Many  of  these  conditions  are  also  highly  preventable  and 
 treatable.  It  is  important  to  understand  these  diseases,  know  when  and  where  to  get 
 treatment, and know how you can live with them to help prolong life and health. Here are 
 the top causes of death for adults over the age of 657 


  Heart Disease 


  Cancer 


  Chronic Obstructive Pulmonary Disease (COPD) 


  Cerebrovascular Disease (Stroke) 


  Diabetes 


  Pneumonia and Influenza 


  Accidents 


  Acute nephritis 


  Septicemia 


   Alzheimer’s disease 
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COPD (Chronic Pulmonary Obstructive Disease): 


Chronic obstructive pulmonary disease [COPD] is a prevalent disease and a major 
 cause of morbidity in elderly patients worldwide Severe exacerbation of COPD has been 
 associated  with  increased  mortality,  which  has  been  attributed  to  complex  underlying 
 disease that are  more likely to progress into multiple organ dysfunction syndrome [MODS] 


due to their association with inflammatory mediators. COPD is one of the leading cause of 
 death in urban area.8 


Chronic obstructive pulmonary disease (COPD) and asthma are the two commonest 
 causes of adult airflow obstruction. Asthma is differentiated from COPD by the variability 
 of the airflow obstruction (i.e. exacerbations) while COPD is defined as "a chronic slowly 
 progressive  disease  characterized  by  airflow  obstruction  that  does  not  change  markedly 
 over several months." 


Presently  COPD  has  aroused  considerable  concern  in  the  medical  and  scientific 
 communities  due  to  its  poor  prognosis  and  the  growing  substantial  burden,  the  disease 
 imposes on the healthcare system. The problem of COPD is expected to increase in near 
 future due to nonstop exposure to risk factors causing COPD. 


Chronic Obstructive Pulmonary Disease (COPD) is a major public health problem. 


In 2020, COPD is projected to rank fifth worldwide in term of burden of disease and third 
in term of mortality. Although COPD has received increasing attention from the medical 
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community in recent years, it is still relatively unknown or ignored by the public as well as 
 public health and government officials.9 


In 1998, the WHO along with the US National Heart, Lung and Blood institute have 
 designed    the  Global  Initiative  for  Chronic  Obstructive  Lung  Disease  (GOLD)  to  bring 
 more  attention  to  the  management  and  prevention  of  COPD.  Among  the  important 
 objectives of GOLD are to increase awareness of COPD and to help the millions of people 
 who suffer from this disease and die prematurely from it or its complications. 8 


Thus, COPD is a common preventable disease which is characterized by continual 
 airflow limitation that is usually progressive and accompanied with an enhanced chronic 
 inflammatory  response  in  the  airways  and  the  lung  to  noxious  particles  or  gases. 


Exacerbations and comorbidities contribute to the overall prognosis in the patients affected 
 with COPD.8 


BURDEN OF COPD: 


COPD incidence, morbidity, and mortality may differ among different countries and 
across different groups within countries. COPD is the result of cumulative exposures over 
decades. Often, the occurrence of COPD is directly interrelated to the frequency of tobacco 
smoking, other than cigarrete smoking, outdoor, occupational and indoor air pollution due 
to burning of wood and other biomass fuels may also have remarkable role in development 
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of COPD. The burden of COPD is projected to increase in the fore coming decades due to 
 continued exposure to COPD risk factors and the aging of the world’s population.10, 11 


PREVALENCE:  


      Even  though  the  prevalence  of  COPD  data  show  remarkable  variation  due  to 
 differences  in  survey  methods,  analytical,  and  investigative  approaches,  the  data  from 
 National Commission on Macroeconomics and Health (NCMH) has recognized India as 
 one of the countries furthermost affected by COPD. The Commission reported that about 
 17  million  Indians  suffering  from  COPD  in  2006,  and  has  suggested  that  the  affected 
 people score may reach 22 million by 2016. According to NCMH estimates, COPD is more 
 predominant in the rural areas of India compared to the urban areas of the country.4  


GEOGRAPHICAL DISTRIBUTION OF COPD IN GLOBAL POPULATION: 


Approximately  2.7  million  deaths  from  chronic  obstructive  pulmonary  disease 
 (COPD) occurred in 2000, half of them in the Western Pacific Region, with the majority 
 of  these  occurring  in  China.  About  400,000  deaths  occur  each  year  from  COPD  in 
 industrialized countries. 


Age-standardized DALY rates due to COPD in 2015 were estimated to exceed 2000 
per 100 000 people in Papua New Guinea, India, Lesotho, and Nepal. Rates below 300 per 
100 000 people were seen in some countries in high-income Asia Pacific, central Europe, 
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north Africa and Middle East, the Caribbean, western Europe, and Andean Latin America 
 (figure 2).5 


FIGURE 2: Age-standardized DALY rate per 100 000 people due to COPD by country, 
 both sexes, 2015 


DALYs=disability-adjusted  life  years.  COPD=chronic  obstructive  pulmonary  disease. 


ATG=Antigua  and  Barbuda.  FSM=Federated  States  of  Micronesia.  Isl=islands. 


LCA=Saint  Lucia.  TLS=Timor-Leste.  TTO=Trinidad  and  Tobago.  VCT=Saint  Vincent 
 and the Grenadines. 


GEOGRAPHICAL DISTRIBUTION OF COPD IN INDIAN POPULATION: 


 In a study conducted by Hossain MM et al, 2018 revealed the range of prevalence 
of COPD in different states. The prevalence ranged between 2 to 22% among the men and 
1.2 to 19% among women in different population-based studies across India. It has became 
the fourth leading cause of  years of life lost in Empowered Action  Group (EAG) States 
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including  Bihar,  Jharkhand,  Madhya  Pradesh,  Chhattisgarh,  Odisha,  Rajasthan,  Uttar 
 Pradesh  and  Uttarakhand.  Also,  COPD  ranked  seventh  among  the  North-East  States 
 including  Assam,  Mizoram,  Arunachal  Pradesh,  Meghalaya,  Nagaland,  Tripura,  Sikkim 
 and Manipur. Among the remaining states of India, COPD ranked fourth among all causes 
 of years of life lost. In this varying range of disease burden, the highest rate of death from 
 COPD was nine times the lowest rate among all the states (figure 3).13 14 


FIGURE  3: A  graphical  overview  of  India  as  per  the  disability  adjusted  life  years 
 (DALYs) rate due to COPD. 


ECONOMIC BURDEN OF COPD: 


Treating COPD and associated comorbidities require institutional resources and 
 frequent hospitalization which can be costly for the individuals as well as the health system. 


The  rate  of  hospitalization  can  be  four  times  among  elderly  aged  more  than  65  years 
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compared to younger patients. The mean length of hospital stays for COPD ranges from 
 4.5 to 16 days in normal to intensive care. 8 


The economic burden of COPD was estimated in Crores of Rupees (1 Crore =10 
 Million). As per these estimates the current estimated burden of COPD for India is 35,000 
 Crore  Rs.  or  350,000  Million  Rs.  (Rs.  350  Billion).  This  is  likely  to  reach  a  staggering 
 48,000 Crore Rs. (Rs. 480 Billion) in next five years (figure 4). If, however the medical 
 community were to adhere to standardized national and international treatment guidelines 
 this cost could drastically come down.10, 11  


FIGURE  4:  Graphical  presentation  of  economic  burden  of  COPD  for  the  year  1996  to 
2016. 
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MORTALITY: 


Under-recognition  and  under-diagnosis  of  COPD  still  affect  the  accuracy  of 
 mortality data with COPD often listed as a contributory cause of death or omitted from the 
 death certificate entirely. The Global Burden of Disease Study projected that COPD, could 
 be  the  sixth  leading  cause  of  death  in  1990,  will  turn  out  to  be  third  by  2020;  a  newer 
 projection  appraised  COPD  will  be  the  fourth  foremost  cause  of  death  in  2030.  The 
 mortality rate of COPD patients is noted to be expanding due to widespread of smoking 
 habit (figure 5).8 


FIGURE 5: It shows that the probability of a given individual to die of COPD in his/her 
lifetime  is  actually  higher  in  India  or  some  African  countries  than  in  the  any  western 
country nowadays, despite a lower prevalence of COPD. 
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FACTORS  THAT  INFLUENCE  DISEASE  DEVELOPMENT  AND 
 PROGRESSION OF COPD: 


Cigarette smoking:  


Although cigarette smoking is the major COPD risk factor, previous literatures have 
 identified that nonsmokers may also develop COPD. Besides, among people with the same 
 smoking history, all smokers are not eventually affected by COPD which is still unclear 
 but most probably due to differences in genetic backgrounds and other exposures. 


Across  the  world,  cigarette  smoking  is  the  most  frequently  faced  risk  factor  for 
 COPD.  Other  types  of  tobacco  (e.g.,  pipe,  cigar,  water  pipe)  and  marijuana  can  also 
 contribute  to  COPD.  Cigarette  smokers  have  a  greater  chance  to  develop  respiratory 
 symptoms and lung function disorders leading to gradual decline in FEV1, and high COPD 
 mortality rate than nonsmokers.8, 12, 17 & 18. 


Passive smoking or Environmental Tobacco Smoke (ETS): 


Passive exposure to cigarette smoke (also known as environmental tobacco smoke 
 or  ETS)  may  also  contribute  to  respiratory  diseases  and  COPD  by  increasing  the  total 
 burden  of  inhaled  particles  and  gases  in  lung.  Smoking  during  pregnancy  may  also  be 
 teratogenic by affecting lung growth and development of the fetus in utero and possibly 
 having an ill-control over the immune system of the fetus. 


According  to  Hagstad  et  al,  2014  in  his  study  of  relationship  between  ETS  and 
COPD in lifelong never smokers he concluded that the prevalence of COPD is markedly 
higher among subjects reporting ETS both at work and at home, with the highest prevalence 
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among those reporting current exposure at home in combination with both at previous and 
 current work (figure 6 and 7).19 


  


FIGURE 6: Picture depicting the indoor air pollution. 


       


FIGURE 7: Prevalence of COPD according to GOLD (Global Initiative for Chronic Obstructive 
Lung Disease) by ETS exposure among never smoking subjects aged _ 65 years old. ETS exposure 
was characterized as no ETS exposure, ETS I (ever at home), ETS II (at previous work), ETS III 
(at both previous and current work), ETS I (ever at home and at both previous and current work), 
ETS V (current at home and at both previous and current work).  
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Exposure of humans to occupational hazardous agents such as biochemical agents, 
 fumes,  organic  and  inorganic  dusts  play  a  crucial  role  in  occurrence  of  COPD.  Indoor 
 pollution can be caused by burning of wood, Degradation of human and animal dung, crop 
 residues, gases  released  while  burning coals  and  poorly  functioning  stoves,  may  lead  to 
 very high levels of indoor air pollution. Evidence continues to grow that indoor pollution 
 from biomass cooking and heating in poorly ventilated dwellings is an important risk factor 
 for  COPD.  Billions  of  people  worldwide  use  biomass  and  coal  as  their  main  source  of 
 energy  for  cooking,  heating,  and  other  household  needs,  so  the  population  at  risk  of 
 developing COPD worldwide is very high.21


Occupational dusts and chemicals: 


Long-term exposure to industrial dust, chemicals, and gases can irritate and inflame 
 the airways and lungs. This increases your risk of developing COPD. People exposed to 
 dust and chemical vapors, such as coal miners, grain handlers, and metal molders, have a 
 greater  likelihood  of  developing  COPD.  One  survey  in  the  United  States  found  that  the 
 fraction of COPD attributed to work was estimated at 19.2 percent overall, and 31.1 percent 
 among those who had never smoked.22 


Genetic factors: 


Severe hereditary alpha -1 antitrypsin deficiency (AATD) is documented as a major 
contributing genetic risk factor for COPD. Although AATD involves only a small part of 
world population, it explains the interaction between the genes and environment exposures 
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that predispose a human being to COPD. Gene encoding for matrix metalloproteinase -12 
 (MMP-12) aid to decline the lung function. Several genome –wide association studies have 
 linked  genetic  loci  with  COPD  (or  FEV1  or  FEV1/FVC  as  the  phenotype)  including 
 markers  near  the  alpha-nicotinic  acetyl  choline  receptors,  hedgehog  interacting  proteins 
 (HHIP) and several others are directly responsible for COPD.2 


Age: 


Aging changes in respiratory system is one of the risk factor for COPD. Aging of 
 the airways and parenchyma mimics some of the structural changes associated with COPD 
 (figure 8).7, 48   


Socioeconomic status: 


Lower socioeconomic status is associated with increased risk of developing COPD. 


The  components  of  poverty  such  as  exposures  to  indoor  and  outdoor  air  pollutions, 
 crowding, poor nutrition, infection and other factors related to low socioeconomic status 
 may contribute the risk of developing COPD.7, 48 


Asthma and airway hyperactivity: 


Asthma  might  be  a  hazardous  factor  for  the  development  of  chronic  airflow 
limitation and COPD. In a longitudinal cohort study of Tucson Epidemiological study of 
Airway Obstructive Disease, revealed patient with asthma are at a 12-fold higher risk of 
developing COPD compared to those without asthma. Airway hyper-responsiveness in the 
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absence of diagnosis of asthma can be also considered as independent predictor of COPD 
 and respiratory mortality in population studies.26  


FIGURE 8: Graphical representation of increased risk of developing COPD with increase 
 in age.  


Chronic bronchitis: 


In  a  study  conducted  by  Felcher  and  colleagues,  chronic  bronchitis  was  not 
associated with an accelerated decline in lung function. However, subsequent studies have 
observed an association between mucous hypersecretion and increased FEV1 decline, and 
in younger adult who smoke, the presence of chronic bronchitis has been associated with 
an increased likelihood of developing COPD. Chronic bronchitis has also been associated 
with an increased risk in the total number as well as severity of exacerbation.  
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Infection: 


Recurrent childhood respiratory tract infection has been related with reduced lung 
 function  and  increased  respiratory  symptoms  in  adult  hood.  Susceptibility  to  infections 
 plays  a  role  in  exacerbation  of  COPD  but  the  effect  on  disease  development  is  unclear. 


Tuberculosis is also been identified as a risk factor for COPD and a potential comorbidity.8 


PATHOLOGY, PATHOGENESIS AND PATHOPHYSIOLOGY: 


Inhaled particles (from cigarette smoke or other sources) cause lung inflammation, 
 a  normal  response  that  appears  to  be  modified  in  individuals  who  develop  COPD.  The 
 chronic  lung  inflammatory  response  may  bring  out  parenchymal  tissue  destruction 
 (resulting in emphysema), and interrupt normal repair and defense mechanisms (causing 
 small airway fibrosis), which in turn lead to air trapping and progressive airflow limitation.


PATHOLOGY:  


Chronic inflammatory changes with increased numbers of inflammatory cell types, 
and structural changes resulting from repeated injury and repair are found in the airways, 
lung  parenchyma,  and  pulmonary  vasculature  of  patients  with  COPD.  In  general,  these 
changes  increase  with  disease  severity  and  persist  despite  smoking  cessation.  Systemic 
inflammation may be present and play a role in the multiple comorbidity conditions found 
in patients with COPD.23 
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PATHOGENESIS: 


The  above  mentioned  pathological  changes  appears  to  be  an  enhancement  of  the 
 normal, physiological, inflammatory response of the respiratory tract to chronic irritants. 


The mechanisms for this amplified inflammation in COPD are not yet understood but may 
 be genetically determined. Patients can clearly develop COPD without smoking, but the 
 nature of the inflammatory response in these patients is unknown. Oxidative stress and an 
 excess  of  proteinases  are  likely  to  further  modify  lung  inflammation.  Together  these 
 mechanism  lead  to  characteristic  pathological  changes  in  COPD.  Lung  inflammation 
 persists after smoking cessation through unknown mechanisms, although auto-antigens and 
 persistent microorganisms may play a role (figure 9).25 


Oxidative stress: 


Oxidative  stress  may  be  an  important  amplifying  mechanism  of  COPD.  These 
oxidants  are  generated  by  cigarette  smoke,  other  inhaled  particulates  and  released  from 
activated inflammatory cells such as macrophages and neutrophils. There may be reduction 
in  endogenous  anti-oxidants  in  COPD  patients  as  a  result  of  reduction  in  levels  of 
transcription  factor  Nrf2  that  regulate  many  antioxidant  genes.  Biomarkers  of  oxidative 
stress  (e.g.  Hydrogen  peroxide,  8-isoprostane)  are  increased  in  the  exhaled  breath 
condensate, sputum and systemic circulation of COPD patients. Oxidative stress is further 
increased by further exacerbations.26 
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FIGURE 9: Flowchart explaining the risk factors and pathogenesis of chronic bronchitis 
 and emphysema and pathological changes occurring in the respiratory system. 


Protease-antiprotease imbalance: 


Imbalance in the protease that break down the connective tissue components in the 
 lung of the COPD patients and the antiprotease that counterbalance this action of protease 
 is noted in the lung of COPD patients. The increased levels of several  protease, derived 
 from inflammatory cells and epithelial cells have been observed in COPD patients. There 
 is increasing evidence that this protease leads to destruction of elastin, a major connective 
 tissue  component  in  lung  parenchyma,  is  believed  to  be  an  important  feature  of 
 emphysema.25 


PATHOGENESIS OF CHRONIC BRONCHITIS AND EMPHYSEMA 
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Inflammatory cells:


Increased number of macrophages, neutrophils and lymphocytes that include Tc1, 
 Th1, Th17 and ILC3 cells are seen in the peripheral airways, pulmonary vasculature and 
 lung parenchyma of COPD patients. All of these inflammatory cells together with epithelial 
 cells  and  other  structural  cells  release  multiple  inflammatory  mediators.  A  recent  study 
 suggest that local IgA deficiency is associated with bacterial translocation, small airway 
 inflammation and airway remodeling.26 


Inflammatory mediators: 


The wide variety of inflammatory mediators that have been shown to be increased 
 in  COPD  patients  attract  inflammatory  cells  from  the  circulation  (chemotactic  factors), 
 amplify  the  inflammation  process  (proinflammatory  cytokines)  and  induce  structural 
 changes (growth factors).26 


Peribronchiolar and interstitial fibrosis: 


An excessive production of growth factors may be found in smokers or those with 
preceding  airway  inflammation  who  have  COPD.  Inflammation  may  precede  the 
development  of  Peribronchiolar  fibrosis  and  interstitial  opacities  have  been  reported  in 
patients with COPD or those who are asymptomatic smokers. The repeated injury of the 
lung airway wall itself may lead to excessive production of muscle and fibrous tissue. This 
may be a contributory factor for the development of small airway limitation and eventually 
the obliteration that may precede the development of emphysema.26   
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PATHOPHYSIOLOGY: 


Airflow Limitation and Air Trapping:  


Inflammation  and  narrowing  of  peripheral  airways  leads  to  decreased  FEV1. 


Parenchymal destruction due to emphysema also contributes to airflow limitation due to 
 reduced  elastic  recoil.  In  combination,  both  progressively  lead  to  gas  trapping  during 
 expiration, resulting in hyperinflation.23 


Gas Exchange Abnormalities:  


 Gas exchange abnormalities may result in hypoxemia and hypercapnia, and have 


several mechanisms in COPD. The main one is VA/Q abnormalities. Reduced ventilatory 
 drive  may  lead  to  carbon  dioxide  retention,  particularly  when  combined  with  reduced 
 ventilation.28 


Mucus Hypersecretion:  


Mucus  hypersecretion,  resulting  in  a  chronic  productive  cough,  is  a  feature  of 
chronic bronchitis  and  is  not  necessarily  associated  with  airflow  limitation.  Conversely, 
not all patients with COPD have symptomatic mucus hypersecretion. When present, it is 
due to an increased number of goblet cells and enlarged sub mucosal glands in response to 
chronic airway irritation.26 
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Pulmonary Hypertension: 


 Pulmonary hypertension may develop late in the course of COPD. It can be due to 
 hypoxic  vasoconstriction  of  small  pulmonary  arteries,  eventually  resulting  in  structural 
 changes that include intimal hyperplasia and later smooth muscle hypertrophy/hyperplasia, 
 and/or  loss  of  pulmonary  capillary  bed  due  to  emphysema.  In  pulmonary  vessels  an 
 inflammatory  response  similar  to  that  seen  in  the  airways  (and  evidence  of  endothelial 
 dysfunction)  has  been  identified.  Severe  pulmonary  hypertension  may  lead  to  right 
 ventricular hypertrophy and eventually to right-side cardiac failure.26, 28


DIAGNOSIS AND ASSESSMENT: 


Medical History: 


A  detailed  medical,  environmental,  family  history  should  be  taken  to  assess  the 
 occurrence COPD: 2 


• Exposure to risk factors 


• Past medical history 


• Family history of COPD or other chronic respiratory disease 


• Pattern of symptom development 


• History of exacerbations or previous hospitalizations for respiratory disorder 


• Presence of comorbidities 


• Impact of disease on patient’s life 


• Social and family support available to the patient 


• Possibilities for reducing risk factors, especially smoking cessation49 
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CLINICAL DIAGNOSIS: 


A  clinical  finding  of  COPD  should  be  watchful  in  any  patient  who  has  dyspnea, 
 chronic cough and/or sputum production, and/or a history of contact to risk factors for the 
 disease (figure 10).49  


FIGURE 10: Pathway for clinical diagnosis of COPD. 


SPIROMETRY: 


Spirometry is mandatory to make the clinical diagnosis of COPD. The presence of 
a post bronchodilator FEV1/FVC < 0.70 confirms the presence of persistent chronic airflow 
limitation  and  thus  of  COPD.  The  spirometric  criterion  for  airflow  limitation  remains  a 
post-bronchodilator fixed ratio of FEV1/FVC < 0.70. This criterion is simple, independent 
of  reference  values,  and  has  been  used  in  numerous  clinical  trials  forming  the  evidence 
base from which most of our treatment recommendations are drawn. Diagnostic simplicity 
and consistency  are key for  the busy  non  specialist clinician.  While post-bronchodilator 
spirometry is required for the diagnosis and assessment of severity of COPD, the degree of 
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reversibility of airflow limitation (e.g., measuring FEV1 before and after bronchodilator or 
 corticosteroids) is no longer recommended (figure 11).24, 48 


FIGURE 11: Graph illustrating the spirometry changes in the normal and COPD cases. 


ASSESSMENT: 


The objectives of COPD assessment are to determine the level of chronic airflow 
 limitation, its influence on patient’s health condition and the risk of exacerbation.  


GOLD Classification of severity of airflow limitation: 


The GOLD staging of airflow limitation and severity in COPD is shown in table 2. 


Exact spirometric cut-points are used for purposes of simplicity. Spirometry should be done 
 after the administration of sufficient dose of at least one short-acting inhaled bronchodilator 
 in  order  to  diminish  variability.  It  should  be  noted  that  there  is  only  a  weak  association 
 between FEV1, signs and symptoms, impairment of a patient’s health status.2  


NORMAL SPIROMETRY  SPIROMETRY - COPD 
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TABLE 2: GOLD classification of airflow limitation severity in COPD. 


Assessment of symptoms: 


The Assessment  of  COPD  was  observed  as  a  disease  mainly  characterized  by 
 breathlessness.  A  simple  measure  of  breathlessness  such  as  Modified  British  Medical 
 Council (mMRC) grading from zero to four (table 3).49  


THE MODIFIED MEDICAL RESEARCH COUNCIL (MMRC) DYSPNOEA SCALE 


GRADING OF 
 DYSPNOEA 


DESCRIPTION 


0  Not troubled by breathlessness except on strenuous exercise.  


1  Shortness of breath when hurrying on the level or walking up a slight hill. 


2  Walks slower than people of the same age on the level because of breathlessness or 
 has to stop for breath when walking at own pace on the level. 


3  Stops for breath after walking about 100 meter or after a few minutes on the level. 


4  Too breathless to leave the house or breathless when dressing or undressing 


TABLE 3: Table illustrating the Modified Medical Research Council (mMRC) dyspnea 
assessment scale. 
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COPD EXACERBATION: 


DEFINITION OF EXACERBATION: 


        An exacerbation of COPD is defined as “an event in the natural course of the disease 
 characterized  by  a  change  in  the  patient's  baseline  dyspnea,  cough,  and/or  sputum  and 
 beyond the normal day-to-day variations the symptoms may be noted to occur with acute 
 onset  and  may  permit  a  change  in  regular  medication  in  a  patient  with 
 underlying COPD”29.  


Exacerbations of COPD are of major global importance. They have a profound and 
 long  lasting  effect  on  patients,  resulting  in  poor  health  status;  they  may  accelerate  the 
 progression  of  the  disease;  and  they  account  for  a  large  proportion  of  the  increasing 
 healthcare spending on COPD. Exacerbations are an important outcome, not only because 
 they  pose  a  considerable  economic  burden  but  more  importantly  because  repeated 
 exacerbations  of  COPD  lead  to  deteriorating  health-related  quality  of  life  and,  when 
 associated with ventilatory failure, to premature death.29 


There  is  still  debate  about  how  exacerbations  should  be  defined  and  graded,  and 
their  mechanisms  are  poorly  understood.  The  major  causal  agents  are  either  bacteria  or 
viral infections, or a combination of the two. Noninfective causes include air pollution and 
pulmonary embolus but, in some patients, no cause is identified. Exacerbations represent 
an increase in the inflammation that is present in the stable state, with increased numbers 
of  inflammatory  cells  (particularly  neutrophils),  cytokines,  chemokines  and  proteases  in 
the airways, and increased concentrations of certain cytokines and C-reactive protein in the 
blood. There are presently no reliable biomarkers with which to predict exacerbations.29 
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CAUSES OF EXACERBATION OF COPD:


The most common causes are bacteria, viruses and environmental agents account 
 for the vast majority of episodes of exacerbation (figure 12). In a recent study of patients 
 admitted to hospital with severe exacerbations, 78% of patients had evidence of either viral 
 or bacterial infection. Other patients had a non-infective cause.8, 29 


FIGURE 12: Pie chart depicting the causative agents of COPD exacerbation. 


TABLE 4: Table listing out the Causes of chronic obstructive pulmonary disease. 
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CLASSIFICATION OF EXACERBATION: 


      The  exacerbation  of  COPD  can  be  classified  as  mild,  moderate  and  severe. 


Severe  exacerbation  may  also  be  associated  with  acute  respiratory  failure.  This 
 exacerbation  of  COPD  coexisting  with  chronic  diseases  of  respiratory  system  such  as 
 asthuma,  pneumonia,  bronchiectasis,  interstitial  lung  disease  and  pneumothorax.  The 
 COPD exacerbation may also accompany non-respiratory diseases such as hypertension, 
 heart failure, ischemic heart disease, pulmonary embolism, stroke and depression.8, 29 


CLASSIFICATION OF COPD EXACERBATION SEVERITY:  


  MILD: Treated with short acting bronchodilators (SABAs). 


  MODERATE:  Treated  with  short  acting  bronchodilators  plus  antibiotics  and/or 
 oral corticosteroids. 


  SEVERE: (Patient requires hospitalization or visits the emergency room). Severe 
 exacerbations may also be associated with acute respiratory failure. 


ASSESSMENT OF SYSTEMIC MANIFESTATION OF COPD: 


      Chronic Obstructive Pulmonary Disease is a Multi-Organ Disorder, over the past 
decade  have  demonstrated  that  COPD  is  associated  with  multiple  nonpulmonary 
manifestations that contribute significantly to its morbidity and mortality. These associated 
processes include cardiac and cerebrovascular, oncologic, musculoskeletal, hematologic, 
psychological, and endocrine effects. The major causes of death in individuals with early 
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COPD  (measured  by  severity  of  airflow  limitation  (AFL))  are  lung  cancer  and  cardiac 
 disease. During acute exacerbations of COPD, the leading causes of death are 30 


  Heart failure (37.2%) 


  Pneumonia (27.9%) 


  Pulmonary hypertension (20.9%)  


  Respiratory failure (14%) 
        


The respiratory morbidity and mortality among those with COPD are declining but 
 nonrespiratory morbidity and mortality are increasing. These improvements in respiratory 
 mortality  may  be  due  to  better  pharmacologic  and  nonpharmacologic  management  of 
 COPD. The increase in nonrespiratory related mortality suggests that greater identification 
 and management of nonpulmonary processes associated with COPD may be warranted to 
 improve the longevity and health of individuals with COPD.30 


SYSTEMIC MANIFESTATION OF COPD: 


The main systemic consequences such as cardiovascular disease, cognitive decline, 
 osteoporosis, muscle dysfunction, anemia, cancer, cachexia and depression may develop 
 in cases of COPD (figure 13).30 


CARDIOVASCULAR DISORDERS IN COPD: 


       In patients with mild to moderate COPD (forced expiratory volume in one second, 
FEV1, >60% of predicted), cardiovascular events are the leading cause of hospitalization  
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FIGURE 13: The Systemic Manifestations of Chronic Obstructive Pulmonary Disease (COPD). 


Patients  with  COPD  are  at  increased  risk  of  developing  cardiovascular  disease  (CVD),  cancer, 
 osteoporosis, peripheral  muscle Weakness, cognitive decline, anemia, cachexia and many other 
 conditions. These systemic conditions contribute significantly to the morbidity and mortality of 
 COPD patients 


and  the  second  leading  cause  of  mortality.  Among  patients  with  Global  Initiative  for 
Chronic  Obstructive  Lung  Disease  (GOLD)  stages  0  to  2  disease  (i.e.  FEV1 >50%  of 
predicted), cardiovascular disorders account for approximately 50% of all hospitalizations 
and nearly a third of all deaths. In more advanced disease, cardiovascular events account 
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for  20–25%  of  all  deaths  in  COPD.  Sin  and  colleagues  examined  data  from  The  First 
 National  Health  and  Nutritional,  Examination  Survey  and  showed  that  subjects  in  the 
 lowest quintile of FEV1 had over three times the risk of cardiovascular mortality compared 
 to those with the best lung function (figure 14).31 


  


FIGURE  14: The  Potential  Mechanisms  by  which  COPD  Patients  are  at  Increased  Risk  of 
 Cardiovascular  Disease  .Patients  with  COPD  (especially  in  moderate  to  severe  disease) 
 demonstrate systemic inflammation, increased oxidative stress,  neurohumoral  disturbances,  and 
 increased thrombotic tendency. All of these factors are mechanistically linked with increased risk 
 of cardiovascular disease in the general community. 


SYSTEMIC INFLAMMATION: 


The first relates to inflammation. It is postulated that in COPD, persistent pulmonary 
inflammation promotes the release of pro-inflammatory chemokines and cytokines into the 
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circulation. These mediators then stimulate various end organs including the liver, adipose 
 tissues,  and  the  bone  marrow  to  release  excessive  amounts  of  acute-phase  proteins, 
 inflammatory cells, and secondary cytokines into the general circulation, resulting in a state 
 of  persistent  low-grade  systemic  inflammation.  The  systemic  inflammation  in  turn 
 adversely impacts the blood vessels, contributing to plaque formation and, in certain cases, 
 to plaque instability and rupture.31 


THROMBOSIS: 


Hemostasis  and  thrombotic  pathways  may  also  play  relevant  roles  in  COPD  and 
 ischemic heart disease. Increased expression of vWF and/or α2β1 integrin might therefore 
 increase  the  risk  for  cardiovascular  disease.  COPD  patients  have  increased  circulating 
 levels  of  thrombin,  tissue  plasminogen  activator–  plasminogen  activator  inhibitor  (tPA–


PAI)  complex,  and β-thromboglobulin,  a  marker  of  platelet  activation.  Increases  in  the 
 circulating  levels  of  thrombotic  factors  may  be  expected  to  elevate  the  risk  for 
 cardiovascular disease.31 


NEUROHUMORAL DISTURBANCES: 


Excess  sympathetic  nervous  activity  is  significantly  related  to  cardiovascular 
disease.  The  intensity  of  the  sympathetic  nervous  activity  was  inversely  related  to  the 
patients’  oxyhemoglobin  saturation.  Supplemental  oxygen  attenuated  (but  did  not 
normalize) the sympathetic nervous activity.31 
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OXIDATIVE STRESS: 


Oxidative stress induces endothelial dysfunction. Oxygen-derived free radicals such 
 as superoxide anions impair endothelial vasomotor function. Oxidative stress can impair 
 vasodilation, endothelial cell growth, and promote plaque build-up and rupture. As COPD 
 patients  have  perturbed  oxidant/anti-oxidant  balance  in  favor  of  oxidative  stress,  it  is 
 plausible that the excess oxidant load could contribute to the development and progression 
 of atherosclerosis and cardiovascular events.31 


OTHER SYSTEMIC MANIFESTATION OF COPD: 


Other  systemic  manifestations  such  as  skeletal  muscle  dysfunction,  anemia, 
 cachexia, cancer, depression, cognitive dysfunction and osteoporosis.30 


ASSESSMENT OF SYSTEMIC CONSEQUENCE OF COPD ON MORTALITY: 


In the past, COPD mortality research has focused on measurements of lung function, 
especially  FEV1.  Although  FEV1  correlates  with  survival  in  COPD,  the  relationship  is 
rather  weak  probably  because  FEV1  does  not  fully  capture  the  extra-pulmonary 
manifestations  of  COPD.  The  BMI,  airflow  obstruction,  dyspnea,  and  exercise  capacity 
(BODE)  index  is  an  integrated  scale  that  captures  respiratory  function,  cardiovascular 
fitness, nutritional status, and skeletal muscle performance of COPD patients. The BODE 
index is a multidimensional instrument that is derived from BMI, FEV1, modified Medical 
Research Council dyspnea score and 6-minute walk distance. Overall, the BODE index is 
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much better than FEV1 alone in predicting risk of all-cause and respiratory-cause specific 
 mortality.8, 30 


MULTIPLE ORGAN DYSFUNCTION SYNDROME:  


The term MODS was introduced in the 1991 ACCP-SCCM Harmony Conference 
 replacing the term "multiple organ failure" because MODS stresses the continuum of organ 
 dysfunction rather than just its result. MODS was defined as ‘‘the presence of altered organ 
 function  in  an  acutely  ill  patient  such  that  homeostasis  cannot  be  maintained  without 
 intervention”. Numerous age related changes occur in the different organ systems of elderly 
 patients. When these aged patients have an attack of COPD, it may cause worsening of the 
 organ  function  and  may  ultimately  lead  to  multiple  organ  dysfunction  syndrome 
 (MODS).33 


AGE CHANGES IN ELDERLY: 


Aging  process  is  an  inevitable  change  that  occurs  in  elderly  persons.  These  age 
changes occur in the respiratory, cardiovascular, renal, hepatic, hematological and central 
nervous  system.  Any  acute  illness  or  stress  can  aggravate  and  worsen  these  age  related 
changes  in  different  body  systems.    Even  though  the  age  changes  occur  in  the  above 
mentioned body systems the average life expectancy has improved in the past decade due 
to health schemes, advanced medical treatments and care provided.7 
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Respiratory system: 


Aging changes that occur in the respiratory system of elderly persons are: 


  Loss of elasticity of lung parenchyma and thoracic wall 


  Increased  mucosal  degeneration,  decreased  ciliary  action,  decreased  phagocytic 
 activity 


  Collagenous replacement of smooth muscles in bronchioles. 


  Alveolar air is not exchanged as well with tidal air. 


  Decreased forced vital capacity and FEV1.7


Cardiovascular system: 


Age changes seen in the cardiovascular system are as follows: 


  Reduction in maximum cardiac output. 


  Changes in the activities of nodal and conducting cells 


  Replacement of damaged cardiac cells by scar tissue. 


  Progressive changes in blood vessels that restrict coronary circulation. 


  Changes related to atherosclerosis. 


  Reduced β-adrenergic receptor and baroreceptor sensitivity. 


  Sclerosis of atrial and mitral valves 


  Left ventricular and atrial hypertrophy.7
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Renal system: 


Age related changes observed in renal system of elderly patients are as follows: 


  Decreased in kidney mass, blood flow and glomerular filtration rate (GFR) 


  Decreased number of glomeruli 


  Glomerulosclerosis and hyaline arteriosclerosis. 


  Tubular atrophy and interstitial fibrosis.7


Hepatobiliary system: 


Changes related to aging seen in the Hepatobiliary system in the elderly patients: 


  Gradual decrease in size and weight of the liver, and blood flow. 


  Reduced drug metabolism 


  Decline in drug clearance capability. 


  Decreased gall bladder contraction  after a meal 


  Increased prevalence of gall stones.7


Hematology: 


Hematological changes on aging: 


  Decreased bone marrow reserve. 


  Decreased total blood volume 


  Decreased RBC production 


  Decreased erythropoietin production 
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  WBC  count  remains  stable  except  for  the  lymphocyte  count  that  decreases  on 
 aging.7


Central nervous system: 


Age  related  changes  in  the  central  nervous  system  in  the  elderly  patients  are  as 
 follows: 


  Decline in brain mass and cerebral blood flow. 


  Neuronal loss in cortex, midbrain, brainstem, thalamus and dorsal horn neuron. 


  Decreased  neurotransmitters  such  as  catecholamines,  acetyl  choline,  GABA, 
 serotonin.7


SEPSIS RELATED ORGAN FUNCTION CHANGES: 


Presently, MODS is defined as a clinical syndrome considered by the development 
 of progressive and potentially reversible change of physiological dysfunction in 2 or 
 more organs systems that is  induced by  a variety of acute insults, including (but  not 
 limited to) sepsis. MODS has conventionally been defined in terms of involvement of 
 six organ systems in the order of 33, 34   


1) Pulmonary 
2) Hepatic 
3) Renal 
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4) Cardiovascular 


5) Central nervous system 
 6) Haematologic systems.  


PULMONARY: 


The  Endothelial  injury  in  the  pulmonary  vasculature  leads  to  disturbed  capillary 
 blood flow and improved microvascular permeability, causing in interstitial and alveolar 
 edema.  Neutrophil  entrapment  inside  the  pulmonary  microcirculation  recruits  and 
 amplifies  the  injury  to  alveolar  capillary  membranes.  Acute  lung  injury  and  acute 
 respiratory distress syndrome (ARDS) are frequent manifestations of these effects. Indeed, 
 sepsis and pneumonia are the most common causes of ARDS.33,34 


HEPATIC: 


As a consequence of the role the liver plays in host defense, the abnormal synthetic 
 function caused by liver dysfunction can contribute to both the initiation and development 
 of sepsis. The reticuloendothelial system of the liver performances as a first line of defense 
 in clearing bacteria and their products, liver dysfunction leads to spillover of these products 
 into systemic circulation.33, 34  


Liver failure (‘Shocked liver”) can be manifested by elevations in liver enzymes and 
bilirubin coagulation defects and failure to excrete toxins such as ammonia which lead to 
worsening encephalopathy.33, 34 
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CARDIOVASCULAR SYSTEM: 


The  major  cardiovascular  changes  occurring  in  MODS  are:  Decreased  cardiac 
 output  and  index,  and  hemodynamic  changes  such  as  increased  systemic  vascular 
 resistance, right arterial pressure, left ventricular stroke work index and decreased oxygen 
 delivery and consumption by the cardiac tissues.33 


RENAL: 


      Acute kidney injury [AKI] often accompanies sepsis. Different etiologies for AKI 
 have been reported, and   the cause is typically thought to be multifactorial .The mechanism 
 of  AKI    is  complex  but    likely  involves  a  decrease  in  effective  intravascular  volume 
 resulting  from  systemic  hypotension,  direct  renal  vasoconstriction    ,release  of  cytokines 
 ,and activation of neutrophils by endotoxins and other peptides, which contribute to renal 
 injury. Still most animal studies shows that renal blood flow is increased, not decreased, in 
 sepsis, though associated with impaired tubular function and a lack of significant histologic 
 evidence of tubular injury.33, 34 


CENTRAL NERVOUS SYSTEM: 


      Involvement of central nervous system [CNS] in sepsis produces encephalopathy 
and peripheral neuropathy. The pathogenesis is poorly defined but is probably related to 
systemic hypotension, which can lead to brain hypoperfusion.33, 34 
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HAEMATOLOGY: 


      Subclinical coagulopathy, signaled by a mild elevation of the thrombin time [TT] 


or  activated  partial  thromboplastic  time  [aPTT]  or  a  moderate  reduction  in  the  platelet 
 count, is extremely common: however, overt disseminated intravascular coagulation [DIC] 


may  also  develop,  protease  activated  receptors  [PARs].  Especially  PAR  1,  form  the 
 molecular link between coagulation and inflammation: PAR1 exerts cytoprotective effects 
 when stimulated by activated protein C or low dose thrombin but exerts disruptive effects 
 on endothelial cell barrier function when activated by high dose thrombin.    


As  per  the  current  understanding,  MODS  also  includes  derangements  of  the 
 endocrine, metabolic, immunologic and gastrointestinal systems, which were not originally 
 included in the description of the syndrome. The early accepted concept of “organ system 
 involvement” regarding the above described six systems have been developed. However, 
 the addition of derangements of other systems such as endocrine, metabolic, immunologic 
 and gastrointestinal systems have not emerged and these have been variously defined.32  


PATHOPHYSIOLOGY OF MULTIPLE ORGAN DYSFUNCTION: 


Multiple  organ  dysfunction  syndrome  (MODS)  is  caused  by  an  overwhelming, 
uncontrolled  systemic  inflammatory  response  that  is  activated  by  a  number  of  hostile 
stimuli including sepsis, hypovolemic shock, and severe trauma resulting in massive tissue 
injury.  The  indiscriminate  activation  of  the  inflammatory  response  due  to  these  insults 
causes loss of the host’s ability to localize the inflammation to the focus of the problem, 
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leading to systemic inflammation and severe host tissue damage and subsequent MODS. 


While the major players, namely: 33 


  Neutrophils 


  Macrophages 


  Endotoxin 


  Cytokines 


  Oxidants  


are known to be aiding in the disease processes responsible for the pathogenesis of MODS. 


The lung has been a major focus of research. As a marker organ for the sequence of 
events. That occur throughout the host during a systemic response to injury. The lung is 
sensitive to the inflammatory insult and can be monitored closely using precise methods to 
detect  pulmonary  dysfunction.  Endotoxin,  ischemia/  reperfusion  insults,  and  other 
inflammation  mediated  causes  of  acute  lung  injury  begin  with  a  massive  cellular 
inflammatory infiltration of neutrophils within 4 to 6 hours, monocytes within 24 hours, 
and lymphocytes within 48 hours. The monocyte, once present within the tissue, transforms 
into  a  long-lived  tissue-fixed  macrophage  that  plays  a  critical  role  in  perpetuating  the 
systemic  inflammatory  response  syndrome  (SIRS)  by  producing  a  cascade  of 
proinflammatory mediators such as shown in table 5 & figure 15.33 
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TABLE 5: Immunomodulatory cytokines expressed by macrophages.


Thus neutrophils, endotoxin, macrophages, cytokines, and other toxic by-products 
 of  neutrophils  and  macrophages  play  a  vital  role  in  the  pathogenesis  of  multiple  organ 
 dysfunction syndrome (MODS).33 


KEY PATHOGENETIC MECHANISMS: 


The key concepts regarding the pathogenetic mechanisms underlying the evolution 
 of MODS include: 33, 34 


Stage 1: Local response 


Stage 2: Initial systemic response 


Stage 3: Massive systemic inflammation 
Stage 4: Excessive immunosuppression  
Stage 5: Immunologic dissonance. 
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FIGURE 15: Flowchart illustrating the pathogenesis of MODS.  


A New Theory: 


The  body  is  designed  to  compensate  for  any  assault.  Its  defenses  include 
macrophages and their products, such as tumor necrosis factor; interleukin-1, interleukin-
6, and interleukin-8; neutrophils and the products of their degranulation; platelets and the 
coagulation  factors  formed  on  their  surfaces;  derivatives  of  arachidonic  acid;  T  and  B 
lymphocytes and their products; and many other substances. Following figure 16 depicts 
how these agents work together to overcome a severe assault and, paradoxically, how they 
can cause SIRS and MODS.33 
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Stage 1:  


Begins at a site of local injury or infection. Proinflammatory mediators are released 
 locally  to  promote  wound  healing  and  to  combat  foreign  organisms  or  antigens.  Anti-
 inflammatory  mediators  are  then  released  to  down  regulate  this  process.  If  the  original 
 insult is small and the patient is healthy, homeostasis will be quickly restored.  


Stage 2:  


Occurs  if  local  defense  mechanisms  are  insufficient  to  correct  the  local  injury  or 
 eliminate the local infection. Through various mechanisms, proinflammatory mediators are 
 released  into  the  systemic  circulation;  these  recruit  additional  cells  to  the  local  area  of 
 injury.  Systemic  release  of  anti-inflammatory  mediators  follows  soon  thereafter;  under 
 normal  circumstances,  these  mediators  ameliorate  the  proinflammatory  reaction  and 
 restore homeostasis.33  


Stage 3: 


Occurs  if  the  systemic  release  of  proinflammatory  mediators  is  massive  or  if  the 
anti-inflammatory reaction is insufficient to permit down regulation. It is at this stage that 
most patients have symptoms of the systemic inflammatory response syndrome (SIRS), as 
well as incipient evidence of the multiple organ dysfunction syndrome (MODS).33  
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Stage 4:  


It can be represented by excessive systemic levels of anti-inflammatory mediators 
 that develop as a response to a massive proinflammatory response; however, these levels 
 can also develop de novo. Patients with a stage 4 compensatory anti-inflammatory response 
 syndrome  (CARS) response  have  marked  immunosuppression  and  thus  are  at  increased 
 risk for infection. If the body can reestablish homeostasis after stage 3 or 4, the patient may 
 survive.33 


Stage 5:  


It is the final stage of MODS. At this stage of immunologic dissonance, the balance 
 between  pro-  and  anti-inflammatory  mediators  has  been  lost.  Some  patients  may  have 
 persistent,  massive  inflammation;  others  may  have  ongoing  immunosuppression  and 
 secondary  infections.  Still  others  may  oscillate  between  periods  of  inflammation  and 
 immunosuppression. 


Various hypotheses such as oxygen delivery hypothesis, gut-origin hypothesis, two-
hit hypothesis, mitochondrial dysfunction hypothesis have been postulated to explain the 
genesis of MODS. However, they  have  been disappointing when translated into clinical 
therapies for MODS.33  
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FIGURE 16: Flowchart depicting evolution of initial response to MODS.
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HYPOTHESIS OF MODS: 


Literature reveals three hypothesis for the development of MODS. They are  
 i)  Gut Hypothesis 


ii)  Two-hit hypothesis 


iii)  Mitochondrial dysfunction 57


Gut hypothesis: 


This hypothesis was proposed by Deitch to explain MODS in critically ill patients. 


This hypothesis stats that due to splanchnic  hypo perfusion and the subsequent  mucosal 
 ischemia  there  are  structural  changes  and  alterations  in  cellular  function.  This  results  in 
 increased  gut  permeability,  changed  immune  function  of  the  gut  and  increased 
 translocation  of  bacteria.  Liver  dysfunction  leads  to  toxins  escaping  into  the  systemic 
 circulation  and  activating  an  immune  response.  This  results  in  tissue  injury  and  organ 
 dysfunction (figure 17). 57 


FIGURE 17: Flowchart elucidating the gut hypothesis of MODS. 
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Two-hit hypothesis: 


In this hypothesis, the first hit occurs after sepsis or trauma activates neutrophils, 
 macrophages, and the cytokine cascade that leads to lung injury and other organ damage. 


Blocking neutrophil adherence and migration may serve to inhibit initial organ damage and 
 prevent  the  inflammation  “priming”  that  occurs  prior  to  a  second  hit.  The  second  hit 
 activates tissue-fixed macrophages to produce inflammatory mediators that sustain SIRS 
 and  eventually  lead  to  MODS  and  death.  Cyclic  hypovolemia-induced 
 ischemia/reperfusion,  nosocomial  pneumonia,  endotoxemia,  or  release  of  toxic  by-
 products from injured tissue can cause this second hit (figure 18).58 


FIGURE 18: Flowchart explaining the two-hit hypothesis of MODS. 
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Mitochondrial DNA hypothesis: 


According to findings of Professor Zsolt Balohh et al, the mitochondrial DNA is the 
 leading cause of severe inflammation due to a massive amount of mitochondrial DNA that 
 leaks  into  the  blood  stream  due  to  cell  death  of  patients  that  survived  major  trauma. 


Mitochondrial  DNA  resembles  bacterial  DNA.  If  bacteria  triggers  leukocytes, 
 mitochondrial DNA may do the same. When confronted with bacteria, white blood cells, 
 or neutrophil granulocytes, behave like predatory spiders. They spit out a web, or net, to 
 trap  the  invaders,  then  hit  them  with  a  deadly  oxidative  blast,  forming  neutrophil 
 extracellular  traps  (NETs).  This  results  in  catastrophic  immune  response  leading  to 
 multiple organ dysfunction syndrome (figure 19).58 


FIGURE 19: Flowchart depicting all three hypothesis involved in the development of MODS. 
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